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BACKGROUND OP THE INVENTION 

Field »f + hr Trprn|t 

This invention is directed to a cai-h^ 
containing . oonductive £ 

the conductive material an n < carbon as 

contain, a catnodl » t ^." ^"7^' • cat hod e 
the elect roC o„ duc ti ve * 

-ono-r, a soivent and a visco^er f ° r " ing 
solid eaLtro^" and a ;: S) •» -ode, a 

po lymer i n P1 ac y r 0 rca: b :n ar: h i onta d ining a conduc "~ 

" as the conductive material. 

State of thr Art 

offer a number of adv ,„ t ^"enes" . These c . 11 , 

containing a li^t^^/. 1 -*^ — 

batteries") including • ' 1:L, 3 uid 

/ incmdmg improved safei-v 

Notwithstanding their advant- Matures, 
these solid baiter, adVantageS ' the manufacture of 

- maxima the .^r'Xr^'T"" C ° ntr ° 1S 

formation of the electrolytic Lii s T 

laminates can inhibit battery Derf ° r v adhered 

significantly reduce charge and drT"" ^ 

cnarge and discharge capacity. 
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Specif ically , solid batteries employ a solid 
electrolyte interposed between a cathode and an anode. 
The solid electrolyte contains either an inorganic or 
an organic matrix and a suitable salt, such as an 
5 inorganic ion salt, as a separate component. The 

inorganic matrix may be non-polymeric, e.g, /3-alumina, 
silver oxide, lithium iodide, and the like, or 
polymeric, e.g., inorganic (polyphosphazene) polymers, 
whereas the organic matrix is typically polymeric. 

10 Suitable organic polymeric matrices are well known in 

the art and are typically organic polymers obtained by 
polymerization of a suitable organic monomer as 
described, for example, in U.S. Patent No. 4,908,283. 
Suitable organic monomers include, by way of example, 

15 ethylene oxide, propylene oxide, ethyleneimine, 

epichlorohydrin, ethylene succinate, and an 
acryloyl-derivatized alkylene oxide containing an 
acryloyl group of the formula CH 2 =CR / C (O) O- where R' is 
hydrogen or a lower alkyl of from 1-6 carbon atoms. 

20 Because of their expense and difficulty in forming 

into a variety of shapes, inorganic non-polymeric 
matrices are generally not preferred and the art 
typically employs a solid electrolyte containing a 
polymeric matrix. Nevertheless, electrolytic cells 

25 containing a solid electrolyte containing a polymeric 

matrix suffer from low ion conductivity and, 
accordingly, in order to maximize the conductivity of 
these materials, the matrix is generally constructed 
into a very thin film, i.e., on the order of about 25 

3 0 to about 250 /xm. As is apparent, the reduced thickness 

of the film reduces the total amount of internal 
resistance within the electrolyte thereby minimizing 
losses in conductivity due to internal resistance. 
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The solid electrolytes », 

(Plastic i2er) £ es «l«o. contain a solvent 

Primarily to Gnh ^P^ally added e " t 

r enhance th*» ^ a tne Matrix 

°' S ° 1Ve " t in the . d S ! 1Vent "^re„ent s 

art «o„ mi2sd to ^ - eiectrolyte have bee „ 

- - oared to the solvent vo *° 1V " Bt Utility 

liquid ,ectro ly te s . VO " - rj ""- Permitted i„ 

< -tabls solvents vsl 

S ° lid -leetrolyf. ^^V" th6 for use in 

Propylene carbonate, et '", ^' by V ^ of e* ai „p le 
butyrolactcr tetrah i"*" 6 Carhonat ^ y- 
(dimethoxye- ne) ya fur an, olyme • 
«»athy l8 ul f . lde ; ^ ^igiy^, tetragl^e,. 

6 and the lijce^ 

The sr , 

typicaily f , -"taining , ieot e 

volatile solvent. R e qulslte f " " d «=°lved i„ a 
a " «or ganio i on salt counts of a salt 

, 1 salt, and the oi« ' SUc h as 

are ,T Y 3 9lyns "-Pound aL S ° 1Vent 

the " add *« to the solution ° r9imiC C « b °"«e, 

Placed on the surface ° 1Uti ° n - ™is solution is then 

re"! SU " aCe ° f * ^n^^r 16 "° b " t " t - 

~— - Provide for the^ ^ - vent l s 

In the other method 

appropriate amoi „ 1ts uf ^ f «— « 1. combined wl 
-«ture is then ^ aoml *"• solvent. Thls 

-^trate, the ^ ^ «* a suita^ 1 * 

— « Polled ^ £ « «- 

' " the pa "ial poller 
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is then further polymerized or cured) by conventional 
techniques (heat, ultraviolet radiation, electron 
beams, and the like) so as to form the solid, solvent- 
containing electrolyte. 

Typically, cathodes for solid electrolytic cells 
are prepared by coating a mixture of cathodic material, 
an electroconductive material such as carbon, a solid 
matrix forming monomer, a solvent, and a viscosifyier 
on a current collector substrate followed by curing 
with e-beam or UV radiation. In many cases it has been 
found that such mixtures are very difficult to apply at 
room temperature as a smooth even coating. 

When the solid electrolyte is formed on a cathodic 

surface, an anodic material can then be laminated onto 

the solid electrolyte to form a solid battery, i.e., an 
electrolytic cell. 

Regardless of which of the above techniques is 
used in preparing the electrolytic cell, improvements 
are sought in the processability of the cathode paste. 
Improvements in the conductivity of the components of 
the cathode paste are also sought to improve the 
conductivity of the solid cathode. Improvements in the 
cathode paste components are further sought in the 
application of lightweight materials which can be cast 
into a smooth even coating or film. 

In view of the above, the art is searching for 
methods to improve cathode manufacture, conductivity 
and coatability as well as to increase the adherence of 
the laminate layers of solid batteries employing such 
cathodes . 



SUMMARY OF THE INVENTION 



W 0 95/16285 



PCT/VS94/13734 



conductive material J" 1 ^*"" 1 "* ° f carbon as the 
*~ several benefits t^Ts^"^ 

P«=e ss as » ell as " f° lld cathode manufacturing 

Particular, the pr esent ^v^n ^ l » 
cathode wherein carbon • 10n Provides for a 

Polymer as the electronical'lT 3 ^ ** " condu "=«nc 
cathode to increase 12 / °° ndUctl « portion of the 

«~ p-ide S £\7> t ZTZTi of th * 

performance. flayer having improved 

By replacing the carbon wJM. 
conductivity as good as „ „ t " materia l having a 
conductivity of the ent : r r ca b !" er tha " carbon, the 
"«is manner, a solid cathode h m 
Properties ls provided aV " 9 inPrOVM ^-trical 

mechanical prop^rt"^^^ 0 "'^ haVl " g im P«ved 
carbon with a lightweight mat" R *»^9 the 

<-* a fii m lmpr T es ::tz h which can b * ****"y 

the electrolytic cell El ! ""^"i" 1 Properties of 
Procedures are also improved ^^1"° T 1 manufa «uring 
construction i s improved. ^minate 

Moreover • 
- the presen; i^rt^ 1 ^' «* «» cathode 
Battery performance i s i " 0 T P-formance. 

conducting P oiy„, er m a ter rrr: h . by the adaiti °" •* 

conductivities over 1 ! ? 1Ch eXhiblt 

°ver a wide range. 

Accordingly, ln one 
the present invention is ai com P°*m°n aspects, 

-ectrolytic cen ^VZltZ * 3 "** - 
8 S ° lld matrix Arming monomer; 



WO 95/16285 



PCT/US94/ 1373-1 



-6- 

a cathodic material; 

an electroconductive material consisting of a 
conducting polymer; 
a solvent; and 
a viscosifier. 

In another of its composition aspects, the present 
invention is directed to an electrolytic cell which 
comprises: 

an anode containing a compatible anodic material; 
a cathode which comprises a solid polymeric 
matrix, 

a cathodic material, an electroconductive material 
consisting of a conducting polymer, a solvent and a 
viscosifier; and 

interposed therebetween a solid, solvent- 
containing electrolyte. 

In one of its method aspects, the present 
invention is directed to a process for preparing a 
solid cathode for an electrolytic cell which comprises: 

(a) providing a. substrate; 

(b) coating said substrate with a cathodic 
composition comprising: a solid matrix forming monomer, 
a cathodic material, an electroconductive material 
consisting of a conducting polymer, a solvent and a 
viscosifier; and 

(c) curing said cathodic composition to provide a 
solid cathode. 

In another of its method aspects, the present 
invention is directed to a process for preparing an 
electrolytic cell which comprises: 

(a) providing an anode containing a compatible 
anodic material; 
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(b) providing a cathode comprising , solid 
poly-er.c matrix, a cath o d i 0 materia!, an 

Poiymer, a so.ven.^Ta 1 " :™" 9 " ' 

a nd «l o) JsrrSoSsr surfaoe ° ° f the ~ 

electrolyte composition; and 
both the anode and cathode. 5 of 

DETAILED DESCRIPTIOM OP THE PREFERRED EMBODIMENTS 
cathode and. soli TlZTrl Ty^T* ° f ^ 

ay virtue ot the co„du:tL g y p:r^ s is e :;r T° £roa - 

increased conductivity of !h! t "Ploy-J, the 

cathode is improved 111 C °" ponents the 

proved, which provides for a ca t h ^ a 
having improved conductivity propertied 2 *** 
improved cathode layer aiso pLCIdls ^ JT 
electrolyte performance. ElLtro^i ^ cell 
manufacturing procedures are a!. 

conducting is li ah <- ! ^proved since the 

txng is lightweight and readily cast into a fii m . 

-rtheTd^/^I - - -is invention in 

ail, the following terms are defined below. 

Defim'i-i'o ri q 

_ As used herein, the following terms have the 
following meanings. 

electrWvt!™ " SO " d " atri *" to an 

electrode com pa t lble materia! formed by 
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an inorganic or organic monomer (or partial polymer 
thereof) and which, when used in combination with the 
other components of the electrolyte, renders the 
electrolyte solid. The solid matrix may or may not be 
5 ion-conducting. 

Suitable solid polymeric matrices are well known 
in the art and include solid matrices formed from 
inorganic polymers, organic polymers or a mixture of 
organic polymers with inorganic non-polymeric 
10 materials. Preferably, the solid polymeric matrix is 

an organic matrix derived from a solid matrix forming 
monomer and from partial polymers of a solid matrix 
forming monomer. 

Alternatively, the solid polymeric matrix can be 
15 used in combination with a non-polymeric inorganic 

matrix. See, for example, U.S. Patent No. 4,990,413, 
which is incorporated herein by reference in its 
entirety. Suitable non-polymeric inorganic materials 
for use in conjunction with the solid polymeric matrix 
20 include, by way of example, /S-alumina, silver oxide, 

lithium iodide, and .the like. Suitable inorganic 
monomers are also disclosed in U.S. Patent Nos. 
4,247,499; 4,388,385; 4,414,607; 4,394,280; 4,432,891; 
4 , 539, 276; and 4,557,985 each of which is incorporated 
25 herein by reference. 

The term "a solid matrix forming monomer" refers 
to inorganic or organic materials which in monomeric 
form can be polymerized, preferably in the presence of 
an inorganic ion salt, and a solvent mixture of an 
3 0 organic carbonate and a glyme compound, to form solid 

matrices which are suitable for use as solid 
electrolytes in electrolytic cells. Suitable solid 
matrix forming monomers are well known in the art and 
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-mployed is. not critical, 
•atrix. forming monomers have at 
-able of forming donor acceptor 
' OM (e ' g -' alkal i ions;. when 



Examples of < 
monomers delude, 
ethylene i.r ti ine, eth 
acryloyl-,;o rivatir; 
in U.S. Patent No. 
Polyalkyiene oxide; 
Application Serial 
and entitled "solid 

POLYMERIZATJ, .. OF V 
Which appli^ti^ if . 
in its entirety) , 
thereof. 



stable organic . t , d matrix 
i Way ° f ex ^Pie.. propylene oxide 
iene oxide < •Pici.-orohydrin 
; Polyalicylene o>, le . (aS disclosed 
''908.283), vinyl uifonate 
.las disoiosed in. ., s . Patent 

07/918,438, led July 22, 1992 

L SUi - FONA,J ' VALKYLENE OXIDES " 

ncorporate. .rein by reference- 
the like a'- ,oi i 

-ell as mixtures 



PhosphMenes and ' »■ W =X of example, 

the resultin, Pol^o.pH^^^ 3 "-. «* 
disclosed by Abrahan , so1 ^ »tr« are 

34th, pp . „. S3 *~-r sources 

Electrochemical Society Vol ^ et al - J ' 

("91). y ' 0l " 13S ' N °" PP. 921-927 

The t«Mrm » a partl _, „ . 
Arming monomer" Ller^ t °* S ° lid matri * 

monomers which „avP h „ cn r ° matrix forini ^ 

reactive oli gc ~- s . , '"^^ ^lymerized to form 
conducted for the pur P ° ly " £rization may be 

the monomer, ^r^Ct^^^ ^ Vl **** «* 
the 1^. Partial no/ ° l3tllit y of «>• monomer, 
^txal polymerization is generally 
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permitted so long as the resulting partial polymer can 
be further polymerized, preferably in the presence of a 
solvent, such as, a mixture of an organic carbonate and 
a glyme compound, to form solid polymeric matrices 
5 which are suitable for use as solid electrolytes in 

electrolytic cells. 

The term "cured" or "cured product" refers to the 
treatment of the solid matrix forming monomer or 
partial polymer thereof under polymerization conditions 

10 (including cross-linking) so as to form a solid 

polymeric matrix. Suitable polymerization conditions 
are well known in the art and include by way of 
example, heating the monomer, irradiating the monomer 
with UV light, electron beams, and the like. The 

15 resulting cured product preferably contains repeating 

units containing at least one heteroatom such as oxygen 
or nitrogen which is capable of forming donor acceptor 
bonds with inorganic cations (alkali ions) . Examples 
of suitable cured products suitable for use in this 

20 invention are set forth in U.S. Patent Nos. 4,830,939 

and 4,99 0,413 which are incorporated herein by 
reference in their entirety. 

The solid matrix forming monomer or partial 
polymer can be cured or further cured prior to or after 

25 addition of the salt, solvent and viscosifier. For 

example, a composition comprising requisite amounts of 
the solid matrix forming monomer, salt, organic carbon- 
ate/glyme solvent and viscosifier can be applied to a 
substrate and then cured. Alternatively, the solid 

30 matrix forming monomer can be first cured and then 

dissolved in a suitable volatile solvent. Requisite 
amounts of the salt, organic carbonate/glyme solvent 
and viscosifier can then be added. The mixture is then 
placed on a substrate and cured; removal of the 
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volatile solvent would result- i n 4-v, ^ 

solid electrolyte in L !h formation of a 

electrolyte would'be a H ^ " SUlti "* -olid 

y would be a homogeneous, single Dhase 

Ltr: : e h P ich t is maintain - — and p ::; s not 

^ "'J SSParate Up ° n co °^ng to temperatures below 
room temperature. A cco rdingly , the SQlid .^J^ 

of this invention does not include a separator- 
typical of liquid electrolytes. SSparator as « 

The term -salt" refers to any salt fnr . 
an inorganic salt „ h <^ • • example, 
game salt, which is suitable for use in * Crtl 
electrolvt© ^ . ln a solid 

yte - Representative examples of suitahi^ 
xnorganic ion salts are alkali m J i f Ultable 
-obile anions of weak ba!^ h " " ° f ^ 

radius Exa»,ni- ! ^ * large ani °nic 

aaius. Examples of such anions are T B r" son- 

<cnso !)JCLi , NaI , Kascw/^r:;; u"'' '^r 1 -. 

ion salt preferably contain* , "organic 

The term "organic carbonate" r e f^« 
carbonate =o„s of no -or.-^^^, ^^T* 1 

atoms and which dr. ^ . carbon 

Preferably t"e or "ni " ^ hydr ° Xyl 9 " UpS - 

«J-y, tne organic carbonate is a linear «i <- • 

carbonate and most pref erablv „ , • aliphatic 
carbonate. P"*»rably a cyclic aliphatic 

Suitable cyclic aliphatic carbonates for use in 
this invention include l t 

ae - 1 / 3 -aioxolan-2-one (ethvl e>n« 
carbonate,; 4-nethyl-!, 3-dio*olan- 2 -o„e (propyLne 
carbonate, ; 4 . s-ai^tHyi-! , 3-dioKolan- 2 -,™ ■ ^ 
ethyl-!, 3-dioxolan-2-one; 4 , 4-dimethyl-i 3- 

4,5-diethyl-l,3- dioxolan . 2 . one; 4, 4 -diethyl-* 3- 
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dioxolan-2-one; 1, 3-dioxan-2-one ; 4 , 4-dimethyl-l, 3- 
dioxan-2-one ; 5 , 5-dimethyl-l , 3-dioxan-2-one ; 
5-methyl-l, 3-dioxan-2-one; 4-methyl-l, 3-dioxan-2-one; 
5 , 5-diethyl-l , 3-dioxan-2-one ; 4 , 6-dimethyl-l , 3- 
5 dioxan-2-one; 4,4, 6-tr imethyl-1 , 3-dioxan-2-one; and 

spiro ( 1 , 3-oxa-2 -cyclohexanone-5 ' ,5' , 1' , 3'-oxa-2'- 
cyclohexanone) . 

Several of these cyclic aliphatic carbonates are 
commercially available such as propylene carbonate and 
ethylene carbonate. Alternatively, the cyclic 
aliphatic carbonates can be readily prepared by well 
known reactions. For example, reaction of phosgene 
with a suitable alkane-a , B-diol (dihydroxy alkanes 
having hydroxy 1 substituents on adjacent carbon atoms) 
or an alkane-a, 7-diol (dihydroxy alkanes having 
hydroxy 1 substituents on carbon atoms in a 1,3 
relationship) yields an a cyclic aliphatic carbonate 
for use within the scope of this invention. See, for 
instance, U.S. Patent No. 4,115,206, which is incor- 
porated herein by reference in its entirety. 

Likewise, the cyclic aliphatic carbonates useful 
for this invention may be prepared by transesterif i- 
cation of a suitable alkane-cr , 6-diol or an alkane- 
a, 7-diol with, e.g., diethyl carbonate under 
25 transesterif ication conditions. See, for instance, 

U.S. Patent Nos. 4,384,115 and 4,423,205 which are 
incorporated herein by reference in their entirety. 

Additional suitable cyclic aliphatic carbonates 
are disclosed in U.S. Patent No. 4,747,850 which is 
30 also incorporated herein by reference in its entirety. 

The term "viscosif ier" refers to a suitable 
viscosifier for solid electrolytes. Viscosif iers 
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include conventional viscosifi.,- 

— o f ordi „ ary SJCi ii p r n t ;: r : r : uch s a r th —-*—» 

viscosifi ers include fii m ,„ Suitable 

the art „ hich inclu * well kn ow„ i„ 

°xide, polypropylene oxiS. L^i""""" 1 "' P°lyethylene 
"*e. havlng a number ^J 0 ^" thereof and the 
least about l0 o ooo „„, »°lecular weight of at 

The term "electrolytic C pn.. 
containing an anode, a cathode Z^*" t<5 * com P^ite 
-ectrol yte interposed i0 ~ctin g 

The anode is typical! ^ „ 

anodic material ^TTZTT^ °* " '"-Wtibl. 

as an anode i„ . solid ^I'T^ » h ~h Unctions 

compatible anodic material SU<=h 

and i„ c i ude , by way known in the art 

-ch as alloys or lithium w £*' 5 llthiu °< a ii oys 
-nc, and the l ike , and in^^"™' — y, tin, 
- carbon, tungsten oxides and the ^e ' ^ SUCh 

The cathode is comprised of 
-aterial, i.e., insertion compatible cathodic 

^al „ h ic h run^ions as °; f^T"' Whi * *- any mate- 
electroly tic cell . " « P~*t»v pole i„ a solid 

a« wel! known in ^"Z^TTT 

"ample, manganese oxidls , lnClUde ' ^ "ay of 

sulfides of tit an ; u ! ? enUm OXideS ' —dium 
Uthiated cobalt « ld £ , .~ lyM - n ™ a " d "i°biu m , 
lithiated nl ckel oxld ' llthlated -anganese oxides, 
°*"es, and ,. ^ ^ °°™<" 

cathodic material employed i^t ^J^T"*' 
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Th e compatible cathodic material is further mixed 
with an electronically conductive polymer, e.g., 
characterized by a conjugated network of double bonds, 
and a binder, such as a polymeric binder, to form under 
5 pressure a positive cathodic plate. The conductive 

polymer replaces all of the typically present 
electroconductive material including, by way of 
example, graphite, powdered carbon, powdered nickel, 
metal particles and the like. Suitable conductive 
10 polymers include polypyrrole, polyacetylene, polyazine, 

polyaniline, polyparaphenylene, polythiophene and the 
like. -Examples of conductive polymers in oxidixed form 
include the following shown: 

Polyacetylene E(-CH=CH-)n* ]» X«- i.e. , 

15 where n is an integer from about 10 to about 500 0 and m 

is an integer between about 1 and about 1000. 

Polyazine [ ( -N=£-C=N- ) +J m X^ 

where R x and R 2 are C,-c 6 alkyl or alkoxy 
groups such as CH 3 , CH 2 CH 3 , and the like. 

20 Polythiophene [ ( 2 , 5- thiophenediy 1 )n* ]» Xm" 

where X" = CIO/, PF 6 \ BF 4 ', ASF $ -, r, I{, if, and 

the like. 

Polypyrrole [ ( 2 , 5-pyrrol ediy 1 ) n ♦ ]m X*- 
Polyparaphenylene [ (1 / 4-phenylene) n * ]m X«- 
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<=X*JT ni t "?" ttonlo » 11 * conducting polymers are a 
* M 9 *' 10-15 orders of magnitude 

::i r:j sp T t: ic * ateriai - - 

in.,,, * a °P ln 9- This range extends from the 
2 d ■« i «»»*«*in» regime anf 

donor or acceptor molecules to modify thlir « 
temperature electrical conductivity The lie t 

transform the organic polyuria materials so that th 
: ~ C P°*«rio materials exhibit ^ 

semxconductxng and metallic room temperature electrical 
conductxvity. Polyacetylene is an example of an ' 

eL^ c L 0l ^ d riC mat6rial — e «- temperature 

, C c °n<iuctivity can be modified over several 

orders of ffla gnitude above its insulator state ^ the 
incorporation of dopant molecules see u s »'«■ «. 
4,222,903, which ^ Patent No. 

niCh 13 incorporated herein by refers • 
its ent i ro^-xr /-,4-i- y rererence in 

mat. , examples of organic polymeric 

materials uhose r„ temperature electricM 
conductivity can be enhanced by several orders of 
*a gnlt ude over their insulator state by mla" of 

VP/ ole, poly-i /6 heptadxyne, and polyphenylene 
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vinylene. Still other conducting polymers and methods 
are disclosed in U.S. Patents 4,519,939; 4,519,940; 
4,522 and 4,579,679 the disclosure of each of which is 
incorporated herein in its entirety. 

Electronically conducting polymers have a 
conductivity which has been modified with electron 
acceptor or donor dopants to be greater than the 
conductivity of the virgin state of the polymer. The 
electroactive organic polymeric material is fabricated 
from a virgin polymer, by modifying the polymer with 
electron donor dopants or electron acceptor dopants. 
An n-type electroactive organic polymer is obtained by 
reacting the virgin polymer with reducing or electron 
donor dopants. Electron donor dopants induce n-type 
conductivity in the polymer by donating electrons to 
the polymer and reducing the polymer to a polyanion and 
the dopant is oxidized to a charge neutralizing cation. 
Similarly, a p-type electroactive organic polymer is 
obtained by reacting the virgin polymer with oxidizing 
electron acceptor dopants. Electron acceptor dopants 
induce p-type conductivity in the polymer by oxidizing 
the polymer to a polycation and the dopant is reduced 
to a charge neutralizing anion. 

Alternatively, the polymers can be oxidized or 
reduced to their conductive form using electrochemical 
techniques. In this method, also known as 
electrochemical doping, the polymer is immersed in a 
suitable electrolyte solution and used as one electrode 
of an electrochemical cell. Upon passing an electric 
current through the cell, the polymer is reduced or 
oxidized (depending upon the direction of current flow) 
and charge compensating cationic or anionic dopants 
from the supporting electrolyte are incorporated into 
the polymer. For both types of doping, the resulting 
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10 



electroactive polymer consists of a charged polymer 
backbone incorporating charge compensating ionic 
dopants. The charges of the polymer and the charge 
compensating , dopants balance so that the electroactive 
polymer is electrically neutral. The oxidation or 
reduction proceeds by an electron transfer. 

The desired value of the room temperature 
electrical conductivity of the dopant modified 
electroactive organic polymer can be adjusted by 
controlling the level of incorporation of the dopants 
into the. virgin polymer. Alternatively, the desired 
value of the room temperature- electrical conductivity 
of the dopant modified electroactive organic polymer is 
preselected by controlling the length of the reaction 
time between the virgin polymer and dopants. 

In a preferred embodiment, the cathode is prepared 
from a cathode paste which comprises from about 3 5 to 
65 weight percent of a compatible cathodic material- 
from about 1 to 20 weight percent of a conducting 
polymer; from about 0 to 20 weight percent of 
polyethylene oxide having a number average molecular 
weight of at least 100,000; from about 10 to 50 weight 
percent of solvent comprising a 10 :l to 1:4 (w/w) 
mixture of an organic carbonate and a glyme; and from 
about 5 weight percent to about 30 weight percent of a 
solid matrix forming monomer or partial polymer 
thereof. (All weight percents are based on the total 
weight of the cathode.) 
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The cathode paste can be prepared and injected 
between a pair of rollers with a piece of metal foil on 
the bottom that later acts as one of the battery 
components and a piece of plastic covered material on 
the top. The cathode paste is ejected out of a tube 
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between these two rollers and the distance between the 
rollers can be adjusted or a knife blade or the like 
can be employed to provide the desired thickness of the 
coating on the metal substrate. 

The cathode paste is typically spread onto a 
suitable support such as a current collector and then 
cured by conventional methods to provide for a solid 
positive cathodic plate. The cathode (excluding the 
support) has a thickness of about 2 0 to about 12 0 
microns, preferably 75 microns. 

Current collectors are well known in the art, some 
of which are commercially available. A particularly 
preferred current collector for the cathode is a 
roughened nickel (electrolytically deposited nickel) on 
nickel current collector (available as CF18/NiT from 
Fukuda Metal Foil & Powder Company, Ltd., Kyoto, 
Japan) . The current collectors are preferably attached 
to the surface of the cathode not facing the 
electrolyte but can also be attached to the anode. 
When the current collector is attached to the cathode, 
the cathode is interposed between the electrolyte and 
the current collector. 

In still another preferred embodiment, the 
electrolyte solvent and the cathode solvent are 
identical. 

Methodology 

Methods for preparing solid, solvent-containing 
electrolytes are well known in the art. In one 
embodiment, this invention utilizes a particular 
solvent (plasticizer) mixture in the preparation of 
solid electrolytes. 
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recognized methods. Por e ° ""pared by art 

carbonate compounds oan ^" d ""^ration of 
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"atent No . 4 , 695 , 291 ^ Se *' f <~ ««-Pl.. U.S. 

reference in lts enti ^ y Ch " — porated herein by 

".atri*- foralng nonoi>er ^ -J, for example, a solid 

°f an organic carbonate and a gl" e ^ S ° 1Vent " 1XtU " 
a 9 e„t. The resulting conceit!™ Viscosi fylno 
coated onto a suitable su^strat" 
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be necessary to heat th. ~ S °'" e Cases - 1<: »>a y 

for a coataoie 2 t l ri ti Ct "" P ° Sltl ° n *° to provide 

S ub S tr^\ r :i^::r::; f v f materiai — - 
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More preferably, the soli. , herons . 

electrolyte ma y have i t / "^"^"taining 
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the particular .„pHc"w tr ' 1Ck "- s „m depend on 

T]l - electroly .... . 

from about 5 to about 2^"" ■ typlcall V comprises 

total we ight of the .l^^.^* ^ ™ 

lectrolyte; preferably f roin 
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about 10 to 2 0 weight percent; and even more preferably 
from about 10 to about 15 weight percent. 

The electrolyte composition typically comprises 
from about 40 to about 80 weight percent solvent, based 
on the total weight of the electrolyte; preferably from 
about 60 to about 80 weight percent; and even more 
preferably about 7 0 weight percent. 

The solid electrolyte composition typically 
comprises from about 5 to about 3 0 weight percent of 
solid polymeric matrix, based on the total weight of 
the electrolyte; preferably from about 15 to about 25 
weight percent. 

The solid electrolyte composition typically 
comprises from about l to about 15 weight percent of a 
viscosifier, based on the total weight of the 
electrolyte composition. Preferably, the viscosifier 
is employed in an amount of from about 1 to about 10 
weight percent, and more preferably from about 2 to 
about 5 weight percent based on the total weight of the 
electrolyte composition. 

The composition can be cured by conventional 
methods to form a solid film. For example, when the 
solid matrix forming monomer contains a reactive double 
bond, suitable curing methods include heating, 
irradiation with UV radiation, irradiation with 
electron beams (EB) , and the like. When the composi- 
tion is cured by heating or UV radiation, the 
composition preferably contains an initiator. For 
example, when curing is by heating, the initiator is 
typically a peroxide such as benzoyl peroxide, methyl 
ethyl ketone peroxide, t-butyl peroxypy varate , 
diisopropyl peroxycarbonate , and the like. When curing 
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is by uv radiation, the initiator is typically 
benzophenone, Darocur .1173 (Geigy, Ardlesy, New York), 



and the like. 



The initiator is generally employed in an amount 
sufficient to catalyze the polymerization reaction 
Preferably, the initiator is employed at up to about l 
weight percent, based on the weight of the solid matrix 
forming monomer. When curing is by EB treatment, an 
initiator is not required. 

in an alternative embodiment, the solid polymeric 
matrix, e.g., formed by polymerization of a solid 
matrix forming monomer, can be dissolved in a suitable 
volatile solvent and the requisite -amounts of, for 
example, the salt, solvent mixture of an organic 
carbonate and a gly^, and viscosifier are then added. 
The mixture can then be applied onto a suitable 
substrate, e.g., the surface of the cathode opposite to 
the c Urrent collector, an anodef interpQsed betwe ^ ^ 

anode and a cathode, and the like, in the manner set 
forth above. The volatile solvent can be removed by 
conventional techniques and the composition cured 
which should provide for a solid electrolyte. suitable 
volatile solvents preferably have a boiling point of 
less than 85<>c and more preferably between about 45<»c 
and about 85-c. Particularly preferred volatile 
solvents are aprotic solvents. Examples of suitable 
volatile solvents include acetonitrile 

tetrahydrofuran, and the like. However, acetonitrile 
15 ^ P refe ~ e « " it is to contact a metallic anode. 

The resulting solid electrolyte should be a homo- 
geneous, single-phase material which is maintained upon 
curing, and does not readily separate upon cooling to 
temperatures below room temperature. See, for example 
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U.S. Patent No. 4,925,751 which is incorporated herein 
by reference in its entirety. 

Additionally, it is desirable to avoid the use of 
any protic materials which will be incorporated into 
the battery.. For example, most of the protic 
inhibitors in mono-, di-, tri- and higher functional 
acrylate monomers as well as in the ur ethane acrylate 
prepolymers, are preferably removed prior to formation 
of the cathode and/or electrolyte. In this regard, 
removal of these inhibitors down to a level of less 
than 50 parts per million (ppm) can be accomplished by 
contacting these monomers and prepolymers with an 
inhibitor remover. Suitable inhibitor removers are 
commercially available. 



In a preferred embodiment, the process of forming 
an electrolytic cell comprises the steps of coating the 
surface of a current collector with a cathode paste 
containing a cathodic material, a conducting polymer, a 
solid matrix forming monomer, a solvent and a 
20 viscosifier and curing the composition. The cathode 

can then be coated with an electrolyte composition. 
The electrolyte composition can then be cured to 
provide for a solid electrolyte on the cathodic 
surface. The anode, e.g., a lithium foil, can then be 
25 laminated to this composite product in such a way that 

the solid electrolyte is interposed between the lithium 
foil and the cathode. m this manner, the cathode 
conducting polymer can increase the conductivity of the 
cathode components and improve the coatability of the 
3 0 cathode paste , to provide a solid cathode and 

electrolytic cell having improved properties. 

In a further preferred embodiment, this process 
can be reversed, so that the surface of an anode, is 
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Properties. having improved 
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•"»• 4,B 30 .„ 9 and 4 925 7 S 5 ° 1 Se h t . f ° rth In °- S - 
herein by re f erence •» incorporated 

i-uexr entirety. 
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The conducting polymer-containing cathode paste 
described herein is particularly useful in preparing a 
solid cathode wherein the cathode paste has improved 
film forming properties and in preparing a solid 
electrolytic cell produced therefrom having improved 
performance. 

The conducting polymer-containing cathode paste 
described herein is also particularly useful in 
preparing a solid cathode wherein the conducting 
polymer contributes to the conductivity of the cathode, 
improving the conductivity of the electrolytic cell 
produced therefrom. 

In addition, the conducting polymer-containing 
cathode paste described herein has improved processing 
properties which include the ability to be applied in a 
smooth even lightweight coating. 

The following prophetic examples are offered to 
illustrate the present invention and should not be 
construed in any way as limiting its scope. 

EXAMPLE 1 

A. The Cathode 

The cathode may be prepared from a cathodic paste 
which, in turn, may be prepared from a cathode powder 
as follows: 

i * Cathode Powder 

The cathode powder can be prepared by placing 
v 6°i3 (prepared by heating ammonium metavanadate (NH 4 + V0 3 " 
) at 450°C for 16 hours under N2 flow) into a grinding 
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machine (Attritor Model ^ -i 

Process, Akron oh Purchased fro* Union 

' A^ron, Ohio) and ground for- a e 
Afterwards y na for 45 minutes. 

— ^t-r^r^r- can be ~- - — 



ii. Cathode Paste 



Specifically, about 225 grams 

=t:L 5 :-Lr:: of r --™-r:: n r and 

:rr of . 4:l v/w Bij£ture :r;::;; j e ith about 

(Ross #2 mlxer ZZZl 7 a uble planatory 

- Pany , a c ri e : t R :r s sons - 

paste is formed. 5 rpms unti l a 

Plastics, Danbury ct, ,„ 7 Chemica l= and 

500 avail able as SR - 344 tllT 'T * " el9ht a "° Ut 

«*«. PA , and contai„ in rr:ss th :: e r b co : pany ' inc -- 

weight about 425 avai lable as SR - 454 ij! , . 
c<Mnp any , me E *i-n„ ra Sar *°i"er 
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Th e resulting slurry in the mixer can be heated at 
about 65 °C while mixing for 2 hours at 60 rpras to 
provide for the cathodic paste which would have the 
following approximate weight percent of components: 



10 



V 6 O n 

3-alkylpolythiophene 
propylene carbonate 
Triglyme 

Polyethylene glycol 

diacrylate 
Ethoxylated trimethylpropane 

triacrylate 1 
Polyethylene oxide 



4 5.0 weight percent 

10.0 weight percent 

2 8.0 weight percent 

6.0 weight percent 

8.5 weight percent 

1.5 weight percent 

1.0 weight percent 



In an alternative embodiment, the requisite 
amounts of all of the cathodic materials other than the 
cathode powder can be combined to form a first mixture 
and this first mixture is combined with the cathode 
powder to form a second mixture. This second mixture 
can be then thoroughly mixed to provide for the cathode 
paste . 

The cathode paste which can be prepared as above 
can be placed onto a sheet (about 1 mil (N-25 Aim) thick 
by 10 cm wide) of a roughened nickel on nickel current 
collector (available as CF18/NiT from Fukuda Metal Foil 
2f5 & Powder Company, Ltd. , Kyoto, Japan) . A Mylar cover 

sheet can then be placed over the paste and the paste 
spread to a thickness of about 7 5 microns (/xm) with a 



1 Inhibitor may be removed from both the 

polyethylene glycol diacrylate and ethoxylated 
3 0 trimethylpropane triacrylate by contacting each of these 

compounds with an Inhibitor Remover available as Product 
No. 31,133-2 from Aldrich Chemical, Milwaukee, Wisconsin, 
which results in less than 50 ppm of inhibitor in the 
product . 
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convention plate and roller system and cured by 
apparat° US ^, PaSSin9 ^ ^""^ 

apparatus (Electrocurtain. Energy Science Inc. , „oburn, 

T2 \1 V\ ° f ab ° Ut 175 *» — • current of about 

12 mA and at a conveyor belt speed setting of 50 which 
provides a conveyor speed of about 3 in/sec. After 
curing, the Mylar sheet can be removed which should 
prov ld e for a solid cathode laminated to a nickel on 
nickel current collector. 

10 B. Electrolyte 

52 oral" \ leCtr ° lyte ™* be P«e«ed by first combining 
52 grams of propylene carbonate. „ g rams of triglyme 
and 17 grams of urethane acrylate - (available as 
Photomer 6140 from Harckos, Manchester. U.K.) . The 

can be dried over molecular sieves (Grade 514, 4A 8-12 
mesh, available from w. ». Gra ce, Baltimore, » D) L 
remove water. 
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30 



Dolv jJ " «*»t:xon then be combined with 3 grams of 

polyethylene oxide (weight average molecular weight 
about 600,000 available as Polyox WSR-205 from Union 
Carbxde Chemicals and Plastics, Danbury, CT) . The 
Buxture can then be thoroughly mixed with the same 
laboratory mixer at heating until a temperature of 
about 65o C is reached and then cooled to ambient 
temperature over at least a 2 hour period while 
stirring is maintained. 

Once the polyethylene oxide is dispersed and 
dissolved, 5 grams of LiPF 6 (available from Hashimoto 
Chemxcal Corporation, Osaka Japan), 5 grams of 
Lz(OCH 2 CH 2 ) 3 OCH 3 can be added while stirring with a 
laboratory mixer (Yamato Model LR41B, available from 
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Fisher Scientific, Santa Clara, CA) . The 
Li(OCH 2 CH 2 ) 3 OCH 3 salt can be prepared from a 1:1 molar 
ratio n-butyl lithium and the monomethyl ether of 
triethylene glycol in tetrahydrof uran at -78 °C. Other 
aprotic solvents could also be used. 

The resulting 100 gram mixture would contain the 
following weight percent of components: 



Propylene carbonate 52 weight percent 

Triglyme 13 weight percent 

Urethane acrylate (Photomer 6140) 17 weight percent 

LiPF « 10 weight percent 

Polyethylene oxide 3 weight percent 

Afterwards, the electrolyte mixture can then be 
coated by a conventional knife blade to a thickness of 
about 50 /xm onto the surface of the cathode sheet 
prepared as above (on the side opposite that of the 
current collector) but without the Mylar covering. The 
electrolyte can then be cured by continuously passing 
the sheet through an electron beam apparatus 
(Electrocurtain, Energy Science Inc., Woburn, MA) at a 
voltage of about 175 kV and a current of about 1.0 mA 
and at a conveyor speed setting of 50 which provides 
for a conveyor speed of about 1 cm/ sec. After curing, 
a composite is recovered which should contain a solid 
electrolyte laminated to a solid cathode which, in 
turn, is laminated to a nickel on nickel current 
collector. 
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C. Anode 



D. The Solid 



Battery 



onto a substrate . „ S Which can b « spread 
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A. The Current Collector 
The curren. oi 
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a cathode and a layer of adhesion promoter interposed 
therebetween. 

Specifically, the adhesion promoter layer can be 
prepared as a dispersed colloidal solution by one of 
two methods. The first preparation of this colloidal 
solution for this example can be as follows: 

84.4 weight percent of carbon powder 

(Shawinigan Black™ — available from Chevron 
Chemical Company, San Ramon, CA) 

337.6 weight percent of a 25 weight percent 
solution of polyacrylic acid (a reported 
average molecular weight of about 90,000, 
commercially available from Aldrich Chemical 
Company — contains about 84.4 grams 
polyacrylic acid and 253.2 grams water) 

578.0 weight percent of isopropanol 

The carbon powder and isopropanol can be combined 
with mixing in a conventional high shear colloid mill 
mixer (Ebenbach-type colloid mill) until the carbon is 
uniformly dispersed and the carbon particle size is 
smaller than 10 microns. At this point, the 2 5 weight 
percent solution of polyacrylic acid can be added to 
the solution and mixed for approximately 15 minutes. 
The resulting mixture can be pumped to the coating head 
and roll coated with a Meyer rod onto a sheet of 
aluminum foil (about 9 inches wide and about 0.0005 
inches thick) . After application, the solution/foil 
can be contacted with a Mylar wipe (about 0.002 inches 
thick by about 2 inches and by about 9 inches wide — 
the entire width of aluminum foil) . The wipe can be 
flexibly engaged with the foil, i.e., 'the wipe contacts 
the foil, to redistribute the solution so as to provide 
for a substantially uniform coating. Evaporation of 
the solvents, i.e., water and isopropanol, via a 
conventional gas-fired oven can provide for an 
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about 6 nicrons in thlckness J * »* 

The aluninu „ foll ca „ ba ^ * » = Per 

by the use of a conventional fitter so as to remove 
any uneven edges. remove 

j.<ayer., the foil can be rprit*^ «^ 

overnight from the support in ! ^ ^ hU " g 

at about i30o C A " UPP ° rt ln a Vacuu * ^en maintained 

«ut 130 c. Afterwards, the roll v. 
In order to avoin ^ «. • be rem °ved. 

er co avoxd absorption of moisture fro™ 

: rr^-orrr 1 can bs — * " °- " 

paste is readv fnr =, -. • . until the cathode 

ready for application onto this roll. 

- Jn7:rr 0 r c : r h b s — «*• 

Black™ carbon powder (Shawinigan 

-v:::^:: srj-nr^r 1 company ' san — • 

nnl „ a , . 1 a 25 weight percent solution of 

ooT 1 :: (aVera9e -° leCUlar ^ or about 

stirring can be done in a in 
gallon polyethylene drum with a ? 

u.. . wx-cn a gear-motor miypr ~ „ 

Llghtln faster Mixer, model XJ-43 avalla^ ^ 
Cole-Parmer Instruments Co., Niles inL ^ 
rpm with two 5 inrn ' llllnoi8 » a t 720 

two 5 inch diameter A310-type propeller., 
mounted on a sinale sh*ft- • Propellers 

«- — an, ^jr^'^rr — d z 
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resulting weight of the mixture should be about 14 3.5 
lbs and contain some "lumps". 

The mixture can be further mixed with an ink mill 
which consists of three steel rollers almost in contact 
with each other, turning at 2 75, 3 00, and 3 25 rpms, 
respectively. This high shear operation allows 
particles that are sufficiently small to pass directly 
through the rollers. Those that do not pass through 
the rollers can continue to mix in the ink mill until 
they are small enough to pass through these rollers. 
When the mixing is complete, the carbon powder is 
completely dispersed. A Hegman fineness of grind gauge 
(available from Paul N. Gardner Co., Pompano Beach, FL) 
should indicate that the particles are 4-6 jim with the 
occasional 12.5 /un particles. The mixture can be 
stored for well over 1 month without the carbon 
settling out or reagglomerating. 

When this composition is to be used to coat the 
current collector, an additional 55.5 lbs of 
isopropanol can be mixed into the composition working 
with 5 gallon batches in a plastic pail using an air 
powered shaft mixer (Dayton model 42231 available from 
Granger Supply Co., San Jose, CA) with a 4 inch 
diameter Jiffy-Mixer brand impeller (such as an 
impeller available as Catalog No. G-04541-20 from Cole 
Parmer Instrument Co. , Niles, Illinois) . The 
composition can be gear pumped through a 25 /im cloth 
filter, e.g., So-Clean Filter Systems, American Felt 
and Filter Company, Newburgh, NY, and Meyer-rod coated 
as described above. 
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B. The Cathode 

The cathode can be preoar^ri * 
which, in turn , can be fr ° m * «thodio paste 

as follows: Prepared from a cathode powder 

Cathode Powder 

ip^Trl/tTTJZT can be prepared v.o„ 

y ne atj_ng ammonium mpfau^^ ^ 6 13 

«»-c for 16 hours under fl ;„f a i v ;; o adate .< n w at 

"achine (Attritor Model s-l „. „ " 
Process, - " , 81 P«=hased from Union 

for , x hours Ult1 " 9 o. dried . t about 



ii. Cathode Paste 



A cathode paste can k~ 

finai product havln * , " d f °* 3 

y weight percent V 6 o J3 . 

Specif icallv m * 
Pro Pylena c a rbonr; e "r loi r° ,S °' 8 * ' * "'^ " tio -* 
9 rams of poivethvlen! T C ° mWned " lth 42 ' 

«^ y ^jn^r (,noiecuiar 

company, inc., Exton< pA " SR 344 *«■ Sartomer 
ethoxyl a ted trL msthy [™^™ " b ? nt 7 - 6 of 

<- lS c Ula r „ e i ght ^t :iTZ a ll"7 late '™ PEOTA) 
sartomer Comp any , Inc ., ^r^ 1 * * s SR " 454 *«. 
Planetary m lx e r (Ross ' **> ln a d ° u "e 

™s ir: n ; a t n h be insertea int ° «- 

stirred at iso ° "siting mixture can be 

rpms until homogeneous. The resul ting 
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solution can be passed through sodiated 4A molecular 
sieves. The solution can be returned to a double 
planetary mixer equipped with the propeller mixer and 
about 5 grams of polyethylene oxide (number average 
5 molecular weight about 600,000 available as Polyox WSR- 

205 from Union Carbide Chemicals and Plastics, Danbury, 
CT) can be added to the solution vortex by a mini-sieve 
such as a 2 5 mesh mini-sieve commercially available as 
Order No. 57333-965 from VWR Scientific, San Francisco, 
10 CA. 

The solution can be heated while stirring until 
the temperature of the solution reaches 65 °C. At this 
point, stirring can be continued until the solution is 
completely clear. The propeller blade can be removed 
15 and poly (N-methylpyrrole) can be added. The resulting 

mixture can be mixed at a rate of 7.5 cycles per second 
for 30 minutes in the double planetary mixer. During 
this mixing the temperature can slowly increase to a 
maximum of 73 °C. At this point, the mixing can be 

2 0 reduced to 1 cycle per second and the mixture can be 

slowly cooled to a temperature of from 40 °C to 48 °C, 
e.g., about 4 5°C The resulting cathode paste can be 
maintained at this temperature until just prior to 
application onto the current collector. 

25 The resulting cathode paste can have the following 

approximate weight percent of components: 

V 6 0 13 4 5 weight 

percent 

Poly (N-methylpyrrole) 10 weight 

3 0 percent 

4:1 propylene carbonate/tri-glyme 34 weight 

percent 

polyethylene oxide 1 weight 

percent 

3 5 polyethylene glycol diacrylate 8.5 weight 

percent 

ethoxylated trimethylol- 
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propane triacrylate 
percent yiate 1.5 weight 

In an alternative embodiment, the reauisit. 
amounts of all r,r *-k« ■■ • ^ requisite 
directly o ^ COm *°™^ can be added 

erectly to the combined l iquid components t„ thl . 
regard, mixing speed s can be adjusted to 
t h e amount of tbe material mi J ^^"7 
used to prepare the oathode paste <!,,,->, ,, • SSel 
are well kn ow„ to tha skill ZTtlJ a *>^-** 

the ai:: s ::: h L d ; e r:r th n : ted above can be * i — «*» 

above by extras^ ♦ ^ COlUcttlr Ascribed 

to about ^7;'* *-**r.t«r.-o* zro, about „. 

the paste and the ZV™ ™" " Pl '°" ~~ 

about 90 Microns <* with . ^ ' <* 

«»« system andean ^ cu^Tr 1 ^ 

the sheet through an eiect^ h """'"■"""^ Passing 

curtain, Energy Science In T !T aPPa " tUS 

of about 175 kv and "*> at a vol *«9« 

rate o f about I c^seY^T °' ^ "* "« * 

can be removed to pro^de ^ ^ ^ 

to the alu m inu„ cur^t ^olL* h 

rrent collector described above. 

C. Electrolyte 

trigly^e 9 ":: £ PrOPyle " e °"*«»". « 9ra„s o f 
«»o. ^i^",^-; ° f k -«»-a acrylate ( Photo n er 

Dle from Harckos, Manchester rr v x 
combined at room temperature until ho ' ^ ^ 

resulting solution 1 k homogeneous. The 

sodiated molecl! • L thr ° Uoh * COlu - of 4 A 

— - at roo B te^rat^ ^iT,^!^ ~ 
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At this point, 3 grams of polyethylene oxide 
having a number average molecular weight of about 
600,000 available as Polyox WSR-205 from Union Carbide 
Chemicals and Plastics, Danbury, CT, can be added to 
the solution and then dispersed while stirring with a 
magnetic stirrer over a period of about 120 minutes . 
After dispersion, the solution can be heated to between 
60°C and 65°C with stirring until the viscosifying 
agent dissolves. The solution can be cooled to a 
temperature of between 45° and 48°::, a thermocouple can 
be placed at the ed 3 of the vortex created by the 
magnetic stirrer to monitor solution temperature, and 
then 10 grams of LiPF 6 can be added to the solution over 
a 120 minute period while thoroughly mixing to ensure a 
substantially uniform temperature profile throughout 
the solution. Cooling can be applied as necessary to 
maintain the temperature of the solution between 45° 
and 48°C. 



In one embodiment, the polyethylene oxide can be 
added to the solution via a mini-sieve such as a 25 
mesh mini-sieve commercially available as Order No. 
57333-965 from VWR Scientific, San Francisco, CA. 

The resulting solution should contain the 
following: 

Component Amount Weight Percent* 

Propylene Carbonate 56 g 56 

Triglyme 14 g 14 

Urethane Acrylate 17 g 17 

LiPF 6 10 g io 

PEO 3 g 3 

Total 100 g 100 

' = weight percent based on the total weight of 

the electrolyte solution (100 g) 
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as aw °f 10nally ' s °lutions which can be produced 
as above and which contain the prepolymer thl 
polyethylene oxide viscosifier thl T 

and the LiPF OSifle r, the electrolyte solvent 

the LXPF 6 salt can be filtered to remove any solid 
Partxcles or gels remaining in the solution 
stable filter device is a sintered sta Ls ee l 
screen having a pore size between 1 and sn ! 
efficiency. " d 50 at 100% 

Alternatively, the electrolyte solution can 
be Prepared in the following manner. spec i ^ Tly in 
this example, the mixing procedure c*n I Clfl ° ally ' ln 
usinr, - . procedure can be conducted 

using the following weight percent of components: 

Propylene Carbonate 

Triglyme - 52 weight percent 

Urethane Acrylate b 13 weight percent 

LiPF 6 2 0 weight percent 

PE ° e 10 weight percent 

5 weight percent 

«na mastics, Danbury, CT.) 
The ffl i xi „ g procedure employs the following steps: 

acryla^e ^ °* ^ U " t, »~ 

vat« oro JT m ° 1StUre leVel 13 lBSS tha " "0 pp m 

water, proceed to sten o 

the ur.th»n= , " 0t ' then flrst dissolve 

the urethane acrylate at ro OT temperature, oo-c in 

the Propylene carbonate ana triglyme and dry the 
solution over sodiated 4 A molecular sieves < Gra de B14 

:; 0 :er: s t h o f s r t°: P s r fs inc -' - « «- 
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2. Dry the propylene carbonate and triglyme over 
sodiated 4A molecular sieves (Grade 514, 8-12 Mesh 
from Schoofs Inc., Moraga, CA) . 

3. At room temperature, <30°C, add the urethane 
acrylate to the solvent prepared in step 2. Stir at 
300 rpm until the resin is completely dissolved. The 
solution should be clear and colorless. 

4. Dry and then sift the polyethylene oxide 
through a 25 mesh mini-sieve commercially available as 
Order No. 57333-965 from VWR Scientific, San Francisco, 
CA. While stirring at 300 rpm, add the dried and pre- 
sifted polyethylene oxide slowing to the solution. The 
polyethylene oxide should be sifted into the center of 
the vortex formed by the stirring means over a 30 
minute period. Addition of the polyethylene oxide 
should be dispersive and, during addition, the 
temperature should be maintained at room temperature 
(<30°C) . 

5. After final addition of the polyethylene 
oxide, stir an additional 3 0 minutes to ensure that the 
visosifier is substantially dispersed. 

6. Heat the mixture to 68 °C to 75 °C and stir 
until the viscosifier has melted and the solution has 
become transparent to light yellow in color. 
Optionally, in this step, the mixture is heated to 65°C 
to 68°C. 

7. Cool the solution produced in step 6 and when 
the temperature of the solution reaches 4 0°C, add the 
L,iPF 6 salt very slowly making sure that the maximum 
temperature does not exceed 55 °C. 
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8 - After the final a ^^- 
•tlr for an additional TnT™ Z ^ 
overnight and cool. *' degas - and let sit 

=0 „m at loo* ef fl c Ienoy . betWeen 1 and 

.pi— i. «- TOrtex ^!?zr£LT* should be 

50 «*o the surface of the o^thod °* 

above (on the side opposite thae ! ' P "P« ed « 

collector, but Without the „' ar °* T CUr "" t 

electrolyte should be curL T C ° Vering - ™» 

Sheet through an electro!! " """"^^ Pa-ing the 

(Electrocurtain p bMn apparatus 

voit a9 e „r: b a : u n ; ^ :;r », at . 

ana at a conveyor speel sett 3 ° f ab ° Ut ^ »» 

- a conveyor speed^ TlTl t^T^ 
a composite can be recovered „ hi T " CUrlng ' 

-ectrolyte la n i„ at e d to It^t™' * 



D - Anode 



cahout^r;/^:;:^'. 2 -- « — ™ 

from FMC c-noratio I - T "nnercially available 

North Carolina t " tl -<-^«- 'vision, Bessemer city, 
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E. The Solid Electrolytic Cell 

A sheet comprising a solid battery can be prepared 
by laminating the lithium foil anode to the surface of 
the electrolyte in the sheet produced in step C above. 
5 Lamination can be accomplished by minimal pressure* 
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WHAT IS CLATMBn Tg. 

1. A cathode for an electrolytic cell which 
comprises: 

a solid matrix forming monomer; 
5 a cathodic material; 

an electroconductive material consisting of a 
conducting polymer; 

a solvent; and 

a viscosifier. 

10 2 ' The cathode of Claim. 1, wherein the 

conducting polymer is polypyrrole, polyacetylene, 
polyazine, polyaniline, polyparaphenylene or 
polythiophene . 



15 



25 



3. The cathode of Claim 1, having from about 10 
to about 50 weight percent solvent, based on the total 
weight of the cathode composition. 



4. The cathode of Claim 1, having from about 5 
to about 30 weight percent solid matrix forming 
monomer, based on the total weight of the cathode 

20 composition. 

5. The cathode of Claim 1, having from about 1 
to about 20 weight percent viscosifier, based on the 
total weight of the cathode composition. 



6- The cathode of Claim l, having from about 1 
to about 20 weight percent electroconductive material 
consisting of a conducting polymer, based on the total 
weight of the cathode composition. 
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7. The cathode of Claim 1, having from about 35 
to about 65 weight percent cathodic material, based on 
the total weight of the cathode composition. 

8. A solid cathode which is a cured reaction 
product of the cathode composition of Claim 1. 

9. The solid cathode of Claim 8, wherein the 
cured cathode has a thickness of from about 2 0 to about 
12 0 microns. 

10. An electrolytic cell which comprises: 

an anode containing a compatible anodic material; 
a cathode which comprises a solid polymeric 
matrix, 

a cathodic material, an electroconductive material 
consisting of a conducting polymer, a solvent and a 
viscosifier; and 

interposed therebetween a solid, solvent- 
containing electrolyte . 

11. The electrolytic cell of Claim 11, wherein 
the conducting polymer is polypyrrole, polyacetylene, 
polyazine, polyaniline, polyparaphenylene or 
polythiophene . 

12. A process for preparing a solid cathode for 
an electrolytic cell which comprises: 

(a) providing a substrate; 

(b) coating said substrate with a cathodic 
composition comprising: a solid matrix forming monomer, 
a cathodic material, an electroconductive material 
consisting of a conducting polymer, a solvent and a 
viscosifier; and 

(c) curing said cathodic composition to provide a 
solid cathode. 
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10 



15 



20 



13. The process of claim 12, wherein f ho 
conducting polymer is poly pyrrole !^ " 
polyazine, polyanilin/ y f yrrole ' P°lyacetylene, 
Pdythiophene ' pol ^«*"nyl.n. or 

which 1 ^:::: 635 for preparing an -» 

an Qdi rL"tr 9 an anode containing * 

(b) providing a cathode comprising a solid 
Polymeric matrix, a cathodic matLial/an " 
electroconductive Ma^^, . 

(c) interposing between surfaces of t-h 

ana d an electroiyte conpo :r: i :: ; t a h ; d cath °- 

PolytMop^ene ' ^"""P— ^ne or 
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